The effect of the protein matrix on glycan processing in glycoproteins. Kinetic analysis of three rat liver Golgi enzymes.
In order to assess the basis for the regulatory effects of the protein matrix on the processing of glycans in glycoproteins, we have used the avidin-biotinylglycan neoglycoprotein model system to compare the kinetic parameters for three rat liver Golgi enzymes acting on their free and protein-bound glycan substrates. Two modes of glycan display in the avidin complex were produced by the use of either the biotinyl- or the 6-biotinamidohexanoyl-group as ligands for the avidin binding. N-Acetylglucosaminyltransferase I gave a 100-fold decrease in Vmax/Km for the avidin complex of Man5GlcNAc2-(biotinyl)Asn as compared to the free glycan derivative; the rate difference reflects a large (25x) decrease in the Vmax and a relatively small increase (4x) in Km. When the substrate with the extension arm (Man5GlcNAc2-(6-biotinamidohexanoyl)Asn) was used, the difference between Vmax/Km for free and avidin-bound substrate was only 6-fold. The Vmax/Km ratio for N-acetylglucosaminyltransferase II also showed a 10-fold difference for free and avidin-bound GlcNAcMan3GlcNAc2-(biotinyl)Asn; the introduction of the extension arm in the complex reduced the difference to about 3-fold. The third enzyme, galactosyltransferase, acting on the substrate GlcNAcMan5-GlcNAc2-R in the presence of the mannosidase II-inhibitor swainsonine, showed a small, 2- to 3-fold, decrease in the Vmax for the bound substrates, both with and without the extension arm. The results suggest that the protein matrix affects the catalytic efficiency rather than the substrate affinity of the processing enzymes.